In recent years the occurrence of thiamin deficiency diseases has increased particularly among elderly people and there has been some speculation about whether or not any particular factors exist. In this study, we focused on elderly people requiring constant care in nursing homes and we conducted an accurate condition survey of total thiamin concentration in whole blood as a means of nutritional assessment. The total number of participants was 14 males and 60 females who were residing in a nursing home; they were aged between 65 and 105 y old. All of the subjects agreed to take part in our research. We conducted the following tests: anthropometric measurements, blood examination including total thiamin levels, and also physical functions such as in the level of nursing care required and tests of other physical conditions. The average Ϯ standard deviation of thiamin concentration was 22.4 Ϯ 8.9 ng/mL and the number of people with a deficient condition (less than 20 ng/mL) was 42, which was 56.8% of the total. From these results, the existence of thiamin deficiency is validated in more than half of the elderly people who require nursing care. On the other hand, the method of meal intake for all participants who have a thiamin deficiency was oral intake and for those who were non-deficient in thiamin, the percentage of tube feeding or nutritional supplementation intravenously was 37.5%, which was a significantly high value.
In Japan, the rapidly ageing population is increasing at a furious pace with no parallel in the rest of the world. These modern times with fewer children and an ageing society have brought serious social problems as well the necessity to treat illnesses and the increasing burdens for those supporting these people. The lifestyles for elderly people are extremely diverse: there are healthy individuals, but there are many who are ill.
In recent years the occurrence of thiamin deficiency diseases has increased particularly among elderly people and there have been some studies of whether or not any particular factors exist (1) (2) (3) (4) (5) (6) (7) (8) . In conventional studies, reports show that among elderly people with thiamin deficiency diseases, there are many who have a mal-absorption of thiamin which is caused by overconsumption of alcohol or anamnesis such as diabetes, gastric resection, etc. It has also been reported that one other cause could be the influence of medications for those people who consume various medicinal drugs (9) (10) (11) (12) (13) (14) . There are also problems with the lack of nutritional intake like vitamins for elderly people; it has been said that the intake conditions especially for bedridden elderly people or those with dementia are not consistent (15) (16) (17) (18) . However, the literature relating to these accurate conditions is extremely limited, especially for deficiency conditions in elderly people who require nursing care, a critical problem we should currently tackle.
In this study, we focused on elderly people staying in a nursing home who need constant nursing care, i.e., where it is difficult to be nursed at home. We conducted an accurate condition survey of total thiamin concentration in whole blood as a means of nutritional assessment and to research the accurate conditions of deficiency and its factors, we considered the relationship with other research items, such as physical function and body condition, which we will report in this paper.
Materials and Methods
Participants . The study took place in July, 2010, and the participants were males and females from nursing home N for elderly people in Nagoya City in Aichi Prefecture. They were aged 65-105 y old (average Ϯ standard deviation of 87.6 Ϯ 7.5 y old). The number of participants was 74 (14 males and 60 females) all of whom agreed to take part in our research. To describe the disabled elderly people's level of independence in their daily lives, participants were assigned to a level of nursing care required from 1 to 5 (hereafter known as care degree). Another category was the level of bedridden from J1 to C2 (hereafter known as bed-ridden degree), and another category was their level of dementia from Independent to IV (hereafter known as dementia E-mail: 10gn101@st.nuas.ac.jp degree).
Investigation content . For anthropometric data, we measured height, weight, and BMI.
For the blood examination, we collected blood from the median cubital vein in the morning from fasting subjects. The following were tested: total thiamin concentration in whole blood (hereafter known as thiamin concentration), WBC, RBC, Hgb, Hct, MCV, MCH, MCHC, PLT, TG, HDL-CHO, LDL-CHO, Alb, BUN, CRE, AST, ALT, Glc, HbA1c, ␥ GTP, Na, K, and Cl. In order to carry out the test for thiamin concentration, we outsourced to this to Falco Biosystems, Inc. The postcolumn fluorometric detection HPLC (high-performance liquid chromatography) method by Kimura et al. was used (the standard value was 20-50 ng/mL) ( 19 , 20 ) . The thiamin intake was estimated from the menu which the participants consumed every day, and calculation used the software Excel Eiyokun ver. 5.0 according to the Standard Tables of Food Composition in Japan, 5 revised and enlarged edition 2005 ( 21 ) .
For other investigations concerning physical condition, we show the interview sheets which we made; the information we received for these was based on the nursing home resident records.
Statistics . We used the statistical analyzing software SPSS ver. 16.0J for Windows for the statistical analysis. In order to examine the difference in average value, we utilized the non-parametric method Mann-Whitney U test and we carried out an 2 test to calculate the difference in ratio. We also used Pearson's coefficient of correlation for the relation between factors; we assigned p Ͻ 0.05 as the level of significant difference.
Accordance . This study had the approval of the Nagoya University of Arts and Science Ethics Committee, which meets the standard of the Helsinki Agreement. We explained the research content in written form and received certificates of signed consent from the individual or a member of their family.
Results

The distribution of total thiamin concentration in whole blood
The range of participants' thiamin concentration was from a minimum deviation of 10 ng/mL to a maximum deviation of 53 ng/mL and the average Ϯ standard deviation was 22.4 Ϯ 8.9 ng/mL. Figure 1 shows the frequency distribution for all participants' thiamin concentration and we found that it had bell-shaped frequency showing 20 ng/mL at the peak and a long base for the high values.
Within this range, there were 42 participants whose thiamin concentration was lower than 20 ng/mL (56.8% of the total), for 21-30 ng/mL there were 19 participants (25.7% of the total), the remaining 13 participants had levels of over 30 ng/mL.
Laboratory test values
Based on the frequency distribution for all participants' thiamin concentration, we divided the subjects into 2 groups, those lower than 20 ng/mL as a deficiency group ( n ϭ 42) and those higher than 21 ng/mL as a non-deficiency group ( n ϭ 32). We considered the relationship between thiamin concentration, anthropometric measurement values and blood examination values. The results are shown in Table 1 .
For anthropometric measurement values like height, weight and BMI and thiamin concentration, there was no significant difference between the two groups. However, in the blood examination, factors such as WBC, RBC, Hgb, Hct, TG, and BUN showed a significantly low value in the thiamin deficiency group. On the other hand, the values of HDL-CHO and CRE showed significantly high values in the thiamin deficiency group.
Physical function and physical condition
In the same way, Tables 2 and 3 show the relationship between the participants' physical function and physical condition in the two groups, namely the thiamin deficiency group and non-deficiency group.
For the results, we found significant differences depending on care degree for the physical function in Table 2 , so we conducted a residual analysis. The percentage of the thiamin deficiency group was high for level 3 of care degree and low for level 5. We also conducted a residual analysis as there were significant differences for bed-ridden degree. The percentage of those in the thiamin deficiency group was high for level B1 and B2 of bed-ridden degree and low for C1 and C2.
Conversely, regarding the physical condition, Table 3 shows the method of meal intake for all participants in the thiamin deficiency group was oral intake and for the non-deficiency group the percentage for tube feeding and intravenous supplemental nutrition was significantly high. In addition, for the people who were able to walk unaided, the thiamin deficiency group showed significantly high values.
Discussion
Currently, the most crucial task is to preserve elderly people's health in our ever evident ageing society in Japan. However, within this lies a tendency to miss trace nutritional elements such as vitamins.
In this study, where the participants were elderly people who require nursing care, we found 42 participants whose thiamin concentration was lower than 20 ng/ mL, which is generally diagnosed as a deficiency disease ( 1 , 22 ) . The results showed more than half the partici- pants were in a deficient condition. There are also various studies which have reported that there are people who show symptoms of deficiency diseases, despite their thiamin concentration being within the standard value. Due to this, there are some who feel that people whose thiamin concentration level is between 21 and 30 ng/ mL may have a potential for avitaminosis ( 1 , 22 , 23 ) . As a reference, in this study the number of those with lower than 30 ng/mL was 61 people which is more than 80% of the total; these were under the condition of deficiency or in danger of potential deficiency. From this it could be suggested that there is a serious thiamin deficiency among the elderly people who require nursing care.
On the basis of this result, we compared anthropometric measurement values and blood examination values in two groups, the thiamin deficiency group (lower than 20 ng/mL) and the non-deficiency group (more than 20 ng/mL), and in Table 1 for the blood examination for blood cell system values (WBC, RBC, Hgb, Hct, etc.) the thiamin deficiency group showed significantly low values.
Generally internal thiamin in the human body is in the form of thiamin diphosphate (TDP) in the blood cell system. This is mainly an active form and the thiamin concentration in red blood cells especially reflects the internal reserve amount ( 1 , 24 ) . Therefore, it can be suggested that within the blood examination values, blood cells showed a low value, which in turn corresponded to thiamin deficiency. For other items among the anthropometric measurement values and the blood examination values, there was no significant difference relating to thiamin deficiency which we had considered in particular. However, we need to consider this hereafter.
On the other hand, as shown in Table 3 for physical Based on the frequency distribution for all participants' thiamin concentration, we divided the subjects into 2 groups, those lower than 20 ng/mL as a deficiency group ( n ϭ 42) and those higher than 21 ng/mL as a non-deficiency group ( n ϭ 32). * p Ͻ 0.05, ** p Ͻ 0.01, *** p Ͻ 0.001. Probability was calculated by the non-parametric method Mann-Whitney U test.
condition, the method of meal intake for all participants who are in the thiamin deficiency group was oral intake of food, while the percentage of those tube feeding or receiving nutritional supplementation intravenously showed significantly high values within the non-deficiency group. As a reference, we compared the average values of thiamin concentration depending on the method of meal intake, and this was shown as 19.3 Ϯ 5.3 ng/mL for those eating through the oral intake of food. Conversely the figures were 38.1 Ϯ 6.4 ng/mL for those feeding intravenously, showing a significant difference ( p Ͻ 0.001).
In the 1990s, there were various reviews of the method of non-oral nutrition, especially those receiving nutritional supplementation intravenously. These showed that when a high-calorie infusion containing no thiamin was administered , there were successive reports of serious cases of thiamin deficiency diseases, including cases of death. It was therefore advised that thiamin should be administered and included in the high-calorie infusion (25) (26) (27) (28) . It could therefore be considered that subjects in nursing homes at this time are also administered sufficient thiamin as supplements and in the high-calorie infusions and as a result people who are fed intravenously avoid a thiamin deficiency ( 29 , 30 ) .
Practically, we investigated the thiamin intake amount of the participants according to the menu for 1 wk around the investigation day.
The results showed that those who had an oral intake had 0.82 Ϯ 0.13 mg (approximately 0.47 mg/1,000 kcal) of thiamin a day and those who received nutritional supplementation intravenously had an intake of 1.15Ϯ0.32 mg (approximately 1.41 mg/1,000 kcal). On the other hand, when we compared the intake amount according to the thiamin concentration deficiency group and non-deficiency group, we found the deficiency group consumed 0.82Ϯ0.13 mg (approximately 0.47 mg/1,000 kcal) a day and the non-deficiency group consumed 0.95Ϯ0.26 mg (approximately 0.70 mg/1,000 kcal). It is therefore necessary to consider the supply of thiamin fairly for those with an oral intake.
However, in this study, we didn't consider the state of eating, i.e. the amount of unconsumed food for those with an oral intake. It is therefore difficult to grasp cor- Bed-ridden degree J1 J2: Some disabilities exist, but mostly independent in daily life and able to go out independently. A1 A2: Life indoors mostly independent, but not able to go out without help. B1 B2: Life indoors needs some form of nursing help. During the day, mostly stay in bed, but able to sit unaided. C1 C2: Stay in bed all day and need nursing help for toilet needs, meals and changing clothes. Dementia degree I: Some dementia evident, but in daily life mostly independent within family and society. IIa IIb: Despite evidence of symptoms which hinder daily life activities and communication, if there is awareness of such they can be independent. IIIa IIIb: At times evidence of symptoms which hinder daily life activities and communication and need nursing care. IV: Frequently evidence of symptoms which hinder daily life activities and communication, need constant nursing care. Based on the frequency distribution for all participants' thiamin concentration, we divided the subjects into 2 groups, those lower than 20 ng/mL as a deficiency group (nϭ42) and those higher than 21 ng/mL as a non-deficiency group (nϭ32). ** pϽ0.01. Probability was calculated by 2 test. * Items from the result of residual analysis an absolute value higher than 1.96.
rectly the actual nutritional intake amount. We also did not consider the difficulty of thiamin assimilation due to anamnesis or current diseases, so in the future we need to investigate the individual accurate state of diet and the influence from the difficulty of thiamin assimilation and accurately consider the causality with the state of nutrition.
In this study in Table 2 , for care degree, bed-ridden degree and dementia degree, there was no significant relationship between the level of illness and thiamin deficiency. As for the cause, it could be considered that generally people who require a high level of nursing care would have a higher tendency to be fed intravenously and as a result of that, the level of thiamin concentration shows a high value.
On the other hand, on the basis of this result, we considered physical status comparatively just for those with an oral intake; however, we were not able to see a significant difference. Generally when an energetic metabolism becomes active due to exercise, the necessary amount of thiamin is increased (31) . However, research data supporting this argument is extremely rare and in this study the subjects were elderly people who require nursing. We can conclude that their physical activity didn't reach a level that would influence thiamin nutritional status. When the views of thiamin metabolism and its utilization become clear, we can hope for further insighs.
In addition to this there has been the problem of elderly people lacking nutritional intake such as oral vitamin. Conventional studies show that for long-term hospitalized elderly patients, the intake amount of thiamin is extremely low and at the same time, levels of thiamin in the blood are extremely low (15-18, 32, 33) . This is due to the fact that the amount of elderly people's food intake is low when they fail to finish hospital meals, and this report states that we need to reconsider the nutritional care for elderly hospitalized patients. Therefore, hereafter we need to make a thorough study of the possibility of thiamin deficiency, taking into consideration the method of meal intake. There are also reports showing that individual elderly people's function levels for chewing and swallowing influence the nutritional intake amount (34) (35) (36) (37) . As a reference, for this study, we compared thiamin nutritional conditions according to serving forms (general meal, finely chopped meal, and liquidized meal); however, we could not find any significant difference. From now on, we need to consider adding the accurate intake amount according to chewing and swallowing functions and influences on thiamin status. Dental loss is thought to be one of the factors which influence chewing ability. Conventional studies show that dental loss influences total calorie intake and nutritional balance (34-37). Therefore, we 4 Including current anamnesis. 5 Gastritis, stomach ulcer, stomach cancer, etc. Based on the frequency distribution for all participants' thiamin concentration, we divided the subjects into 2 groups, those lower than 20 ng/mL as a deficiency group (nϭ42) and those higher than 21 ng/mL as a non-deficiency group (nϭ32). ** pϽ0.01, *** pϽ0.001. Probability was calculated by 2 test.
are planning to investigate the thiamin deficiency of the elderly in relation to the number of remaining teeth. It also has been reported that possible causes among elderly people with thiamin deficiency diseases were health problems like the over consumption of alcohol, or anamnesis such as diabetes or gastric resection, or the administration of multiple medications (9) (10) (11) (12) (13) (14) . In this study, there weren't any significant differences in these items; however, it is necessary to consider the relationship between anamnesis and thiamin deficiency now and hereafter.
From these results, we have confirmed serious thiamin deficiency for elderly people who require nursing care, so we should attempt early detection. However, such detection is very difficult in current circumstances.
Firstly, many elderly people who need nursing care are bedridden or have serious dementia, so it is difficult for those individuals to complain of neurological symptoms or encephalopathy, which are characteristic symptoms for deficiency diseases.
Secondly, a general barometer for the early detection of elderly people's lack of nutrition is weight loss or BMI and the values of Alb in the blood (38, 39) ; these values do not necessarily correspond to the nutritional state of thiamin .
In this study, we can show in Fig. 2 that there is a significantly negative interrelation between BMI, the value of Alb in the blood and thiamin concentration. Therefore we should consider that even though BMI and the value of Alb in the blood are normal, thiamin deficiency may still occur.
Hereafter, it is necessary to study various factors in order to achieve early detection of thiamin deficiency for elderly people. Fig. 2 . The correlation between each nutrition state and total thiamin in whole blood. ᭜, Oral intake; ᭛, Tube feeding and/or intravenous nutritional supplementation.
